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1. Title of Invention 

TURBINE ENGINE CX)MPONENT HAVING ENHANCED HEAT TRANSFER 
CHARACTERISTICS AND METHOD FOR FORMING SAME 

2. Claims 

1. A turbine engine component having a surtace that oor^^ 
depressions, each depression having a concave contour. 

2. The tuibbie engine component of daim 1, wtiersin each depression has a 
top ridge and a bottom-point, each depression having a first line segment 
extending from a first side of tlie ridge to the bottonH>oint and a second line 
segment extending from a second side of the ridge to the bottom point in a 
plane extending through the bottom point, each of the first line segment and 
the second line segment befarg concave. 

3. The turibineen^neoomponent of daim 1p wherein the turbine engine 
oomponent comprises a subsliale formed of a base material, and an overiay 
coating, the pluralfty of depressions being formed In the overiay coating. 

4. The turtM'ne engine component of daim 1 , whersin the turbine engine 
component comprises a substrate formed of a base material, and the 
depressions are formed in the base material. 

5. A tifft)lne m^ne airfdl, comprising: 

a substrate having an inner cavity defined bf an inner surface, said 
inner surface having a plurality of depressions, each depression having a 
concave contour and an average diameter within a range of about 125 to 
about 2050 microns. 
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6. A method for forinffig a turbtfie engine (X)mpon^ 
of: 

providing a substrate comprised of a nickel-tiased or a cotnlt-tiased 
superalloy; 

applying a Is^r on tlie sutntratep said layer comprising a matrix phase 
and a disciete particulate phase comprising particles having an aspect ratio of 
not greater than 1^; 

heating the sutistrate to fuse the discrete particulate phase to the 
substrate; md 

removing the discrrte particulate phase, leavhg t>ehind a plurality of 
depressions in the matrix phase. 

7J A method of fonmfrig an airfoit. comprising the steps of: 

provicfog a mold having an inner core *and mi outer shell, the inner 

core having a phjraKty of protrusions along an outer surface portion thereof, 

the protrusions having an average height within a range of about 125 micrDns 

to about 4000 microns; 

irijectlng a molten alloy into the mold; 
coding the alloy to form the airfoil: and 

removing the mold, the airfoil having an inner surface having a texture 
that Is complementary to the outer surface of the inner core. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The Invention relates to components used in turbine engines. More 
particularly, the invention is directed to a turiMne engine component that has a 
treated surface to enhance the heat transfer characteristics of the component, 
and methods fontiing such a component 

Various techniques have t>e6n devised to maintain the temperature of 
turbine engine components below crfticai levete. As an exampto, coolant air 
from the engine compressor Is often directed through the component, along 
one or more component surfaces. Such flow is understood in the art as 
"badcside air fkiw," where coolant air lis cHrected at a surface of an engine 
component that is not directly exposed to high temperature gases from 
combustion. In combination with bacl<side air flow, turtnjtation has been used 
to enhance heat transfer. Turbulation has generally taken the form of 
pn>tuberanc8$ or *bumps* on selected sectims of the surface of the 
component whteh functions to hcrease the heat transfer with the use of a 
coolant medum that is passed along the surface. TurtMJiation is formed by 
one of several techniques, including wire spraying and casthg. 

While turtHJiation has been found to improve the heat transfer 
characteristics of the treated component, further heat transfer improvements 
are oontanually sought in the art. 

SUI^MARY OF THE INVENTION 

Accordbig to one aspect of the invention, a turbine engine component 
is provided that has a surface that contains a plurality of depressions that are 
effective to increase the surfoce area of the component The depressions are 
generally concave in contour. 
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Another aspect of the invention calls for a method for forming a turbine 
engine component, including the steps of pmAdSng a substrate: applying a 
layer on the substrate, which includes a matrix phase and a (Sscrete 
particulate phase; and then removing the discrete particulate phase. By 
removal of the dscrete particuiata phase, a plurality of depressfons are left 
behind in the matrix phase* 

Stn another aspect of the present invention calls for a method of 
fbrnning a turbine engine component, including the steps of providing a mold 
having a plurality of protmsions along a surface portion thereof, the 
protmsions forming a textured surface; tnjectihg a molten aloy into the mold; 
cooling the molten aHoy to term a turt>ine engine component; and rerrfoving 
the mold. The turbine engine component following removal of the rnold has a : 
textured surface that is complementary to the textured surtece of the mold. 

DETAILED DESCRIPTION OF THE INVENTION 

Embocfiments of the present invention utilize any material, including 
elen>entel metels, alloys, ceramics, composites, but generally take advantage 
of heat-resistant afloys designed for high-temperature environments, such as 
above 1000 ^0. As defined herein, "metal-based* refers to substrates thai 
are primarily formed of metal or metal aHoys. Some heat-resistant alloys are 
"superafloys* hiduding cobalt-based, nickel-based, and faiwHtmsed alloys. In 
one embocfiment, the superalkiy is nickel- or cobalt-t>a8ed, wherein nkdcei or 
cobaXt is the skigie greatest element t>y weight. Illustrative nkdcsl-based alloys 
irx:lude at least at>out 40 wt% nkkel (Ni), and at least one component from 
tfie group consisting of cdbai, chromkan, aluminum, tungsten, molybdenum, 
titanium, wd iron. Examples of ntdcel-based superalloys are designated by 
the trade names Inconel®, Nimonlc®, Rene® (e.g., Rene®80-, Rene®95 
alloys), and Udimet®. Illustrative cobalt-based altoys inchide at least about 30 
wt% cobalt (Co), and at least one component from the group consisting of 
nickel, chromium, aluminum, tungsten, molybdenum, titanium, and iron. 
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Examples of cobaK-based superalloys are ctesignated by the trade names 
Haynes®, Nozzaloy®. Stellite® and Uftimst®. 



While the type of substrate can vaiy widely, it Is often 01 the fomi of a 
turbine en^ne part fonmed of a superaloy, such as a combustor Dner, 
combustor dome, bucket or bladei nozzle or vane, or airfoH. Other 8ut)8lrates 
are turbine parts that are not &n tfie high-pressure stage of the turbine engine, 
such as in shroud clearance control areas, Including flanges, casings, and 
rings. Such parts may not be formed of a superalloy in view of lower 
temperature environments to which the components are exposed. Typical 
alloys for such components include inconeKB 718, Inconel® SOO series, and 
WaspatoyO. 




Accoitfing to embodiments of the preisent invention, a surface of a 
substrate, particularly a turbine engine component, is treated or othenwise 
formed to indude a piurafity of depresaons, each deprssdon having a 
concave contour. The d^resslons are discrete, where individuai depressions 
are separated from each other by interconnected ridges. For example, the 
treated surface of the component resembles ■moon craters,* described in 
more detail below. In the case of an airfoil, for example, the depressions 
forming a moon ciater-iSie textured sivface is provided along an interior 
surface which defines an inner cavity. Coolant air flow is provided along this 
interior surface, to provide backside coding. 

in one embodsnent, treatment of the surfoce is canied out by use of an 
overiay coating. The overiay coating nwy be in the form of a free-standing 
sheet, such as in the case of a brezmg sheet, as well as a skjny. Tfieovertay 
coating contains a discrete, depressk>ni»roducing phase and a matrix phase 
material such as a braze alloy. 
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In one embocfiment of the invention, the brazing sheet is a green braze 
tape. Such tapes are commercialiy available. The green braze tape is 
formed from a sluny of a braze alloy, generally in the form of a biaze alloy 
powder and binder in a liquid medium such as water or an organic Dquid. The 
liquid mecEiBn may function as a solvent for the binder. 

The composition of the braze alloy is generally nickel-based or cobalt- 
based. Nickel- or cobaK-based compositkHis generally denote compositions 
wherein nickel or cobalt is the stngie greatest element in the compositton by 
weight percentage. The braze alk>y composition may also contain silicon, 
boron, phosphorous or combinations thereof, which sen/e as melting point 
suppressants. It is noted that other types of braze alloys can be used, such 
as prectous metal composittons containing stiver, gold, or palladimn, mixturm 
thereof, in combination with other m^als, such as cq:>per, manganese, nickel, 
dirome, siik»n, and boron. Mixtures that include at least one of the braze 
aDoy elements are also possible. Exemplary biaze altoys have the following 
nominal composittons, by weight percent: 2.9 boron, 92.6 nickel, 4.5 tin; 3.0 
boron, 7.0 chromium, 3.0 iron, 83.0 nickel, and 4.0 silicon; 19,0 chromium. 
71 .0 nfcket, and 1 0.0 silicon; 1 .8 boron, 94.7 nickel, and aS sIBcon. 

A variety of materials are generally used as binders in the sluny for 
forming the green bran tape. Non-limiting exampfes include water-based 
orgarNc materials, such as polyethylene oxkto and varhHis acrylics. Solvent- 
based binders can also be used. Additional organic solvents (e.g., acetone, 
toluene, or various xylenes) or water may be added to the sluny to adjust 
viscosity. 

The slurry is usually tape cast onto a removable supf>ort sheet, such 
as a plastk: sheet formed of a rriaterial such as Mylar®. A doctor-blade 
apparatus Is generally used for tape-casting. Substantially all of the volatile 
material in the slurry is then aik>wed to evaporate. The resulting braze alloy 
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tape usually has a thickness k\ a range of about 1 micron to at}out 250 
nrticrDns, and preferably, in a range of about 25 microns to about 125 micrDns. 

Braze tapes containing the atxive-mentioned braze alloy and binder 
are commercially avaOable. An example of a commercial product is the 
Amdry line of braze tapes, available from Sulzer Metco. An exemplary grade 
lsAmdry®100. 

The depression-producing phase that is appdied to the green braze 
tape is typically a coarse powder, being fomned of particles having a size 
sufficient to form defined ridges and depressions that function to increase 
heat transfer of the treated component in many embodiments, tfie size of 
the particles is determined in iaige part by the .desired degree of surfece 
roughness and airface area (and consequenrtly, heat transfer) that will be 
provided by the ridges and depressions. Surface rou^ness is characterized 
herein by the centeritne avera^ roughness value 'Ra', as well as the 
average peak*to*valley distance "Rz" in a designated area as measured by 
optical profilometry. According to an embodiment, Ra is greater than about 
OJ mils, such as greater than about 1 .0 mDs. and preferably greater than 
about 2.0 mils. Ra is typically less than about 25 mils, more typically less than 
about 10 mils. Similarly, according Id an embodiment, Rz is gieater than 
about 1 mH, such as greater than about 5 mils. Rzistypicaily less than about 
50 mfls, more typically less than about 25 mils. 

In one embodiments the particles of the depression-producing powder 
ara generally spherical, typically having an average aspect ratio of not greater 
than 2.0, desirably not ^eater than 1 .5. In one embodiment the particles 
have an average aspect ratio not gnaatar than about 1 .2. The average size of 
the depression-pibdudng powder particles is generally in the range of about* 
125 to about 4000 microns, such as about 1 50 to about 2050 microns. In a 
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preferred embocHment. the average size of the powder paitides is iri the 
range of about 180 microns to about 600 mi«ons. 

The depression-producing niaterial is formed of any material that may 
be selectively removed from the matrix phase material. Prefwably. the 
particulate material does not react wRh the matrix material at elevated 
temperatures used for bonding the matrix material to the substrate. For 
example, the material may be metallic, such as nickel-chrcwne'aluminum-yttria 
alloys (NiCrAlY). which can be selectively removed from the braze aOoy matrix 
by etchofig in an acid bath. Ceramic materia) may also be used, which may 
provide even more selectivity. For example, in one embodiment, alumina 
particles are utilized, which may be etehed selectively from a braze alloy 
matrix with various Qxidzing adds, such as hydrochtorie add. Inlow 
temperature applications, where the matrix pham is fonmed of a solder or 
high-temperature epoxy. plastics in particulate form can be used. 

TTie powder can be randomly appfied by a variety of techniques, such 
as spriniding, pouring, blowing, roll-depositing, and the like. The choice of 
deposition technique wiH depend in part on the desired arrangement of 
powder particles, to provide the desired pattern of ridges and depressions. 
As an example, metered portions of the powder are sprinlded onto the tape 
surface through a sieve in those Instances where the desired pattern-density 
of the depressions is relativeiy low. 

Usually, an adhesive is applied to the surface of the green braze tape 
prior to the application of the depression-produdng powder thereon. Any 
braze adhesive can l>e used, so long as it Is capable of completely volatilizing 
during the subsequem fusing step. Illustrative examples of acBiesives include 
polyethylene oxide and aerylie materials. Commercial examples of braze 
adhesives indude "46 Braze Binder", available from Cotronics Corporation. 
The adhesive can be applied by various techniques. For example, liquid-iilce 
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adhesK/as can be sprayed or ooaled onto the surface. A thin mat or film with 
double-sided adhesion could attemaUvely be used, such as 3M Compan/s 
467 Adhesive Tape. 

In one embodiment, prior to being brazed, the powder particles are 
shifted on the tape surface to provide the desired alignment that would be 
most suitable for heat transfer. For example, adcular particles having an 
elongated shape (e.g.p aspect ratio greater than 2.0) may be physically 
aligned so that their longest dbmension extmds substantiaily perpendicular to 
the surface of the brazing sheM contacting tiie substrate. The a&gnment of 
the powder may be carried out by various other techniques as well. For 
example, physical, magnetic or dectrostatic methods may be used to achieve 
thedesrodorimtation. In yet another embodiment Mividuai particles or 
clusters of particles are coated with braze alidy.. and such coated particles are 
placed on an adhesive sheet for appication to a substrate. The adhesive 
sheet can be formed of any suitable adhesive, provided that it is substantially 
completely bumed-out during the fusing opemtion. Suitable adhesives are 
dtocussed above. 

in some embodiments, the depres^on-producing powder is patterned 
on the surface of the brazing sheet Various techniques exist for pattemir^. 
In one embodimeffit the braze aloy powder is applied to the substrate 8^ 
through a screen, by a screen printing techrrique. The screen has aperturss 
of a pre-eelecled size and arrangement, depending cm the desired shape and 
sizeoftheprohjiberanoes. Aitematrveiy, the braze adhesive is applied 
through the screen and onto the sheet Removal of the screen results In a 
patterned adhesive layer. When the braze alloy powder is appBed to the 
sheet, it will acfliere to the areas that contain the adhesive. By use of a 
screen, a pattern may be defined having a piaralfty of "clusters" of particles, 
wherein the clusters are generally spaced apart from each other by a pitch 
corresponding to the spacing of the openings in the screen. The excess 
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powder can easily be removed, leaving the desired pattern of partides. As 
another altemative. a 'cookie cutter* technique may be employed, wherein 
the braze tape is first cut to define a desired depression-producbig pattem, 
followed by removal of the e«ess braze tape. The depression-produdng 
powder can then be applied to the patterned tape, h yet another 
embodiment partidea of the depression-produdng material are coated with 
braze alloy, and the coated particles are actiersd onto an adhesive sheet that 
volatilizes during the fusing step. Here, the adhesive sheet provides a simple 
means for attachment of the depression-producffig material to the substrete 
prior to fusing, but generally plays no role in the final, fused article. 

in another embodiment the depression-producing powder is mixed 
with the other components of tfie green braze.tape. such as braze alloy 
powder, binder and solvent, during fbimatiori of the green braze tape, rather 
than provicfing the depression-producing powder on a surface of the already 
fomned tape. The depressionisredudng powder in tum fomns a dispersed 
particulate phase within the green braze tape. 

The removable support sheet such as IMyiar® baddng is then 
detached from the grsen braze tape. The tape is then attached to a portton of 
the component-SLA)strata where enhanced heat transfer is desired. As an 
example, an adhesive may be employed. Any adhesive suitable for attaching 
the tape to the substrete material wouid be suitable, provided that it 
completely volatilizes during the fuskig step. 

Another simple means of attachment is used in some embodiments. 
The green braze tape can be piaoed on a selected portion of the substrete. 
and then contaded with a solvent that partialiy dissolves and piastidzes the 
binder, causing the tape to corifomn and adhere to the substrete surface. As 
an example, toluene, acetone or another organic solvent could be sprayed or 
brushed onto the braze tape after the tape is placed on the substrate. 
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Following application of the green braze tape to the substrate^ the tape 
is fueed to the substrate. 11ie fusing step can be carried out by various 
techniques, such as brazing and welding. Generally, fusing is carried out tiy 
brazing, which includes any method of joming metals with a filler metal or 
aloy without any substantial attendant melting of the base material of the 
substrate. Brazing ternperatures depend in part on the type of braze alloy 
used, and are typically in the range of about 525*^2 to about 1650°C. bithe 
case of nickel-faased braze altoys, biaze temperatures are u^ally in the 
range of about 800X to about 1260^. 

When possible, brazing Is often canried out in a vacuum fumace. The 
amount of vacuum wHI depend in part on the con^sition of ttie braze alloy. 
Usually, the vacuum wID be bi the range of about 10'^ ton^ to about 10*^ ton", 
achieved by evacuating ambient air from a vacuum chamber to the desired 
level. 

In the case of a brazing sheet t)eing aii^iied to an area which does not 
lend itself to the use of a fumace. such as when the component itself Is too 
large to be inserted into a fumace or in situ repair, a torch or other localized 
heating means is generally used For example, a torch with an argon cover 
shield or flux is directed at the brazing sioface. Specific, iltustraiive types of 
heating techniques forthis purpose include the tise of gas welding torches 
(e.g.. oxy«»tylene. oxy-hydrogen. air-acetylene, a^-hydrogen); RF (radio 
frequency) welding; TIG (tungsten inen-gas) welding; electron-beam welding; 
resistance welding; and the use of IR (infra*red) lamps. 

The fusing step fuses the brazing sheet to the substrate. When the 
braze material cools, it fomns a metallurgical bond at the surfece of the 
sut>5trate. with ihe depressionisroducing material mechanically retained by 
the solidified braze matrix material. 
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In another embodhient of the invention, the brazing sheet is in the 
fonn of a metal prefomri having first and second surfeces. Theprefonnis 
formed of a metailic material similar to that of the substrate* such as a braze 
alloy like that descrbed for the previous embodimertl. Thus, 9 the substrate 
is a nickel-based superalby, the preform material is generally a nickel-based 
superalkiy. Other braze alloy compositions may also be suitable, such as 
those comprising cobalt or iron; or the preck)us metal compostttons described 
previously. The braze alloy compositton typically contains silicon, boron, or 
combinatkxis thereof, which sen^ as melting point suppressants. However, 
unlike a green braze tape, the metal preform generally does not contain a 
binder since the preform b in densifod fomn. The preform usually has a 
thtekness of about 0.1 mk^ron to about 2500 microns, and preferably, about 
^microns to about 200 microns. 

Various te^nk^ues can be used to make the metal preform. In the first 
technk]ue, a mixture of metallte powder material and binder is tape-cast onto 
a removable support sheet The support sheet is removed, and the remainaig 
grem sheet to then sintered to form the preform, e.g.. by uskig a vacuum heat 
treatmerit. The sintering temperature is dependent on various foctors, such 
as the composRfon of ttw alfoy of the pretonm. the size of the powder 
particles, and the desaed density of the preform. This process is typicaBy 
called a "tape-cast pre-fomn" techraque. 

According to another tectmque, a metallic powder material is 
deposited onto a support sheet as a thin layer of metal. Variousthermal 
spray techniques are usually used for the deposition, such as vacuum plasma 
deposftion, HVOF (his^ vetocity oxy^fuel), or air plasma (AP) spray. Other 
depositton techniques could be emptoyed as well, e.g.» sputtering or physteal 
\^apor deposition (PVD). The support sheet Is then removed, leaving the 
desired metal preform. 
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Yet another technique for making the preform is sometimes referred to 
as an amorphous metal ribbon technique. In this process, the metallic 
powder material is melted, and the molten material is poured onto a high- 
speed roller that very rapidly quenches the moHen material. The quenched 
material is ejected from the roller as a ribbon. Braze preforms are 
commercially available from various sources, such as Wesgo and Allied 
Signal Company. In general, the braze prefonn differs from the green braze 
tape described above in that the pmform is in a densffied fonn (e^g., sintered) 
before application of the depression-producing powder and subsequent fusing 
to a substrate. 

The depression-producing powder is applied to a surface of the braze 
preform. The powder generally has the same' charactertetics as the powder 
descra3ed for the previously described embedment hcorporating a green 
braze tape. Usually, an adhesive is applied to ttie Efface of the preform, 
prior to the application of the depression-produdng powder. The acftiesive 
can be selected from those described previously, provided that it adheres to 
the metalHc prsfbim and it completely voiatilizes during the subsequent fusing 
step, inustraliveadheshm are those that were described previa 
polyethylene oxide and various acryUcs. The braze alloy powder particles can 
also be shHted and aligned as descrit>ed above, based on the required heat 
transfer characteristics for the substrate surfoce. Sbnilariy, the powder 
particles can also be patterned on the surfece of ttie prefonn by various 
techniques. 

In some instenceSp the substrate surface to which the preform will be 
attached is cunred. In such a case, it may be desirable to provide the prefomi 
mth an identical curvature. Relatively thin prefomns may be easfly k>ent to 
match the curvature of a sut>strate. Preforms of greater thiclmess usually are 
not flexible, but can be shaped by other techniques. As an example, a 
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removable support sheet is employed during fabrication, which sheet has the 
desired cun<ature of the substrate. The bra^ material is then deposited on 
the support sheet by the techniques described previousiy» e.g., thennal 
graying or casting (for example, liquid metallic casting without a l>faider. or 
powder-sluny casting with a binder). The depnssdon-produdr^ powder can 
then be deposited on the prsfonn, as also descrbed pieviousfy. The preform 
. which has the desired curvature can then be detached from the sun)ort 
sheet 

The t>raze preform is cut to a size appropriate for the stte on the 
substrate where enhanced heat transfer is to t>e provided. The prefonn can 
then be attached to that portion of the substrate. As an example, the surface 
opposite that which is coated with the depressjon-produdng powder is 
attached to the substrate with an adhesive sheet or ache^ve composition. 
Any acttieaive suitebte for atteching the preform to the substrate metal should 
be suitable, as long as ft ccHnpletely volatHizes durbig the fusing step. 
Illustrative adhesives ars those that were described previously. 

Altematfveiy, the braze prefomi is attached by mechanical means. In 
some prefened embodimente. the preform is locally welded to the substrate 
surface at a few locations (spot weldng). A varied of heating techniques 
could be Bmpto^ed, such as TIG (tungsten inert-gas) welding, resistance 
welding, gas welding (e.g., with a tofch), RF welding, electron-beam wakfing. 
and IR lamp methods. 

Fusnig of the prefonm to the substrate can then be undertaken as 
described prevtouslyp with brazing often being used for this step. Brazing 
tmiperatures will again depend in part on the type of braze alloy used for the 
preform, and are typically in the range of about S25°C to about IBSO^C. In 
the case of nickel-based braze alloys as described above, braze 
temperatures are usually in the range of about SOO^'C to at>out 1260''C. The 
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fusing step fuses the preform to the substrate, as described previously, and 
may be carried out in a vacuum furnace. Aitematively, brazing may be 
accomplished through use of a torch or other heating technique (e.g., the 
welding techniques mentioned above) can be used for fusing the prefomn to 
the substrate, as an allemative to the vacuum furnace. 

In an altenwtlve embodiment, the prefomi comprises an alloy, pre- 
textured by removal of a particulate phase to fbrni depressions as described 
above, wMch prefonn is bonded to the substrate by a braze alloy layer. In 
this case, the prsform is formed of an aUoy havmg a hi^er melting or 
softening point than the braze alloy, and the preform is a free stancfing sheet 
already having the desirad texture. 

According to another embodiment the substrate is coated vrith a layer 
of material in shmy form. That is. in contrast to the embodiments descra>ed 
at)ove, a brazing sheet (tnttieformof a green braze tape or brazing preform) 
is not used* Rather, a sluny containing a Gc^id medium, braze alloy powder, 
and depression-produchg powder is directly applied to a suriiace of the 
substrate. The slurry is dried, and then the coated substrate is heated such 
that the braze alloy softens to foim a film that bonds the depies^^ 
producing powder to the substrate. The sluny typically contains a binder, and 
the Iquid medium functions as a solvent for the binder. Use of a binder is 
desirable in cases whera handing of the component is necessary after drying 
of the sluny and before fusing, such as transporting the coated component to 
a furnace. 

The Bquid medium may be water, an organic component such as 
acetone, toluene, or various xylenes, or mixtures of water and an organic 
component* The depression-prciducing powder, braze alloy powder, and 
binder may be formed of matertats described above. By way of example, 
bindere include water-based organic materials (or combinations of materials). 
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such as polyethylene oxide and various acrylics. Nonaqueous solvent-based 
binders can also be used. 

The sluny itself genetaily contains dsprsssion^prDduchg powder* 
braze alloy, and binder. The amount of bra» alloy is chosen relative to the 
depression-producing powder in an amount sufficient to bond the particles of 
the depression-prDdudng powder to the substrate, such as about 1 to 40 wt% 
braze alloy and the balance (about 60 to 99 wt%) depresston-produdng 
powder The amount of binder is generally present in an amount to ensure 
sufficient green strength for handBng while mlnmizing the volume of binder 
burnout such as about 1 to 20 wt% of the sluny. 

in the embodiments descrtbed above, the structure of the 
after-fusing includes a solidified braze alioy film that fomis a portion of the 
(MJter surface of the component, and protuberances that extmd beyond that 
surface. In reference to RGS. 1 and 2, component 1 0 includes a substrate 
12. matrix phase 14 in the form of a braze film, and particles 16 embedded in 
the matiK phase 14 to fomi protuberances. As shown, thepartides 16are 
generally ananged in a nxmolayer. w^ieh generafly has IrtUe or no stacking of 
partidee. Thus, after fusing, the treated component has an outer surfece 
defined by the fltan of biaza alloy, which has a paiticulata phase embedded 
therein. The film of brazsaBoy generally forms a conlhuous matrix phase. As 
used herein, "conttnuousT matrix phase (tenotes wi interconnected film along 
the treated rsgion of the substrate, between particles or clusters of particles. 
Alternatively, the film of braze aOoy may not be continuous, but rather, be only 
locally present to bond bidividuai particles to the sti)slrate. Inth»caae.the 
film of braze alloy is present in the form of iocalzed fillets, surrounding 
discrete particles or dusters of partides. In either case, thin portions of the 
film may extend so as to coat or partially coat partides of the depression- 
produdng powder. 
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Following fusing, the particulate phase is removed to leave behind the 
structure shown in the micrograph of FIG. 3, and Illustrated in RG. 4. As 
shown, the component now has a 'Vnoon-crater^ like structure* defined by 
overlay coatfaig 23 having ridges 20 that fonn an interconnected network, and 
discrete depiesstons 21 . Typically, the overlay coating is fbnmed of a single, 
homogeneous phase, as in the case of solidified braze alby. In the example 
shown in FIG« 1 » the particulates were fonmed of NiCrAlY, in a nkdcei-base 
biaze alloy matrix (19 wt% Cr, 10 wt% Si, balance Ni). The partk:ulates were 
had a -50 to ^€0 mesh size, and were adhered to a green braze tape 
containing the above braze alloy. The tape was adhered to a substrate, and 
fused In ptece at a temperature of 2100 ''F, The partk:ulates were removed 
by exposure of the partlcidales to a 1 :1 :1 bath of water, hydrochloric add 
(Ha),andmQ3(nltrteacid)fbradurHtk)nof3hour6at70^. Asdesciibed 
above, other particuiate/etchant systems can be utU»d, pnyvkfed that the 
particulates do not adversely react with the material of the matrix phase 
during fusir^ and that the paitkndates are removed selectively from the 
matrbc In cases where a thin fDm of ttie braze altoy covers the particulates, it 
is generally desiraMe to remove the layer such that the particles are cfirectly 
exposed to the etchant Such removal can be carried out by various means, 
including Bght grit btasting and brief exposure to an etchant to renwve the 
film* 

The depiesstons 21 have a concave contour, due to nmoval of 
generally spherical particles. It is expected that this contour shall be 
particulaiiy eflteifve at increasing the heat transfw of ttie trea^ 
The concave contour Increases surftee area with rninirnal added mass, whtoh 
is important to reduce ttie heat conduction patti lengtti, ttie patti iengtti of 
phonons that propagate ttirough ttie overlay coating 23. As used herein, ttie 
term "concave" as used In connection wtth ttie depresstons acconSng to 
embodiments of tiie present invention, means ttiat in a cross-section 
extending through the bottom point of ttie depression, the depression is 
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bounded two line segments, each of which is concave as viowed from an 
exterior of the depression. Concavity of a depression according to an 
embodiment of the present invention is described in more detail below. 

As shown in FIGs. 4 and 5. each depression has a bottom point 24, 
which is the bottom-most point of the depieesion. Inthecaseof ^erical 
particulates, the depressions 21 are generally hemiqahencal. and the bottom 
point 24 Is located at the geometric center of the depression. In this regard, 
the cross-section of FIG. 5 is talcen through the bottom point 24, and bisects 
the depression 21. In that cross-section, a first line segment 25 is defined, 
extending from a first side of ridge 20 to bottom poht 24. and a second line 
segment 26. extending from a second side of ridge 20 to t)ottom point 24. As 
aiusbated. each of the first and second Sne segments 25 and 26 is concave 
as viewed from an exterior of the depression 21 , along a cfirection normal to 
ttie fine segment. In this particular embodiment the entirety of each line 
segment along its length is concave; each line segment has no convex 
portions. 

As illustrated in FIG. 5, depression 21 has a diameter The diameter 
d generally conesponds to the size of the particulales of the depression- 
proAidng phase. Aceordbfigly, the average diameter d Is on the order^^o^^^ 
about 125 to about 4(XM mtcrons, such as alM)tit 125 to 2050 micros 
Further, the depression 21 has a radius of cun^re on the order of about ^ 
to about 2000 microns, such as about 75 to 1000 microns. The radius of 
curvature shown in the drawings is generally constant through the entirety of 
the depression due to the hemlspherteai contour of the depression. However, 
the radius of curvature need not be constant, such as is the case when non- 
spherical particles are used to form the depressions. Generally, non- 
hemispherical deprassions have a radius of cunrature at several points along 
the depression that fait within the values stated above. 
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The ridge 20 shown in RG. 5 forrm a defined peak due to wettbig 
action of the braze alloy along the outer surface of a particle of the 
depressioni}roducing phase. Howevert the ridges need not be sharp, as 
shown in FIG. 6. Rounding of the ridge can be due to various factors, 
including a low degree of wetting of the matrix phase to the depression- 
producing phase during fusing, or erosion of the ridge by action of the etchant 
during the etch treatment. Also shown in RG. 6 is a case where two particles 
of the depresaon-produdng phase did not touch or dosety padc together. 
Here, ridge 2Xi, defoiing the rim of one depression, is separated from ridge 30 
by a plateau 28. Such plateaus are generally present throughout the treated 
or textured surface, and form an interconnected networic of ridges. 

According to embodiments of the present invention described in 
particular detafl above, a textured surface, having visible depressions, is 
formed in an overiay layer. Byuseof an overtay layer, the material of the 
iayermay be chosen to enhance certain properties of the component. For 
example, the overlay layer may have deferable themnal conductivity, conx>!»on 
resistance, and oxidation resistance. 

Iri an allennalivB embodiment a turbtoe engine conqx>nent having 
enhanced heat transfor is made directly during the casting operation, rather 
than by using the subtractlvenwthod described above, where a depression- 
produdng phase is setectlvelyrernoved from a rnalrix phase. Inthis 
alternative embodiment, molten alley is injected inio a mold which has an 
inner surface that is textured with bumps or protuberances. Accordngly, the 
base material of the component forms the texturing rather than an overlay 
coating. Suitable molten alloys indude those rnentioned above, such as 
cobalt* or nidcel-based superalloys. 

The protuberances typically have the same characteristics as the 
particulate phase described above with respect to the prior embodiment. In 
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one form, the protuberances are generally spherical, having an average 
aspect ratio less than 2.0. typically less than about 1 .5, and more particularfy, 
not greater than about 1 2. The protuberances have an average height on 
the order 125 to about 4000 micronSt such as about 125 to about 2050 
microns. The mold may be manufactured by one of various techniques used 
h the art such as vtAial is known as the "lost wax p TypicaBy.the 
mold is formed of a ceramic material to withstand the high temperaturas 
generally associated with casting a molten alloy. Typic^ ceramic materials 
include alumina, siBca, and oombinations thereof. 

Molds for castffigtypicaliy have an outer shell and an inner core. In 
cases where the textured surface is along an interior of a part, such as an 
inner surface defining an nitemal cavtty, an outer surface of the mner core is 
textured with the protui^erarK^s or btOTips as descnl)edabo^ Atypical 
example of such a component is a turbine blade which receives badcside 
coolant flow. 

Following casting, the alloy is allowed to cool and solidify. The moid is 
thOT separated from the component Typically, a portion of the mold, such as 
the inner core, is destroyed in order to separate the moid from the cast 
componmt The cast component has a textured surface that mtmics or is 
complernentary to the protuberance<x)ntaining surface of the mold. That is. 
the cast component has a plurality of recesses that are complementary to the 
protuberances of the moid. The geometrical characteristics of the textured 
surface, including contour, size, and shape of the recesses and ridges are as 
stated above for the embodiment formed using subtractive techniques. 

According to the foregoing embodiments of the ffivention, the average 
depth of the depressions as mefasured from the ridge to the t>ottom point is on 
order of about 75 microns to about 2(K)0 microns, particulariy about 75 
microns to about 1000 microns. In addition, according to embodiments of the 
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present invention, the density of depressions generally is at least 25 
depressions/cm^ t^nolcally not less than 100 depres8ions/cm^ and desirat)ty 
not less than 500 depressions/Gml In one embodiment, the depression 
density was about 1 100 depressbns/cm', and another 31 00 
depressions/cm^ 

The texturnig of the turbine engine components according to 
embodments of the present invention is effective to increase surface area of 
the substrate. For example, area enhancen>ent A/Ao, where A is the surface 
area of the treated region of the component and Ao is the surface area of the 
same region of the component in imtreated fomi (generafly a smooth 
surface), is generally at least about 1 *05. typically at least about 1 .20. Area 
enhancement A/Ao is desirably at least about 1.50. A/Ao is generally less than 
about 4.0, typioaUy less than about 2«5. 

In most embocbnents, the textured surface containing ridges and 
depressions or recesses is present to enhance the heat transfer 
characteristics for the underlying oornponenL The enhanced heat transfer 
characteristics in turn result in a desirable temperature reduction for spedSed 
regions of the component, leading to a desirable reduction in themnal stress. 
Moreover, by tailoring the size and spacing of the depressions, the heat 
transfer enhancement can also be acQusted, which in turn results in a 
reduction in the thermal and stress gradSents fbrthe component 

According to embodiments of the present invention, by reducing the 
profile of the textured surface over conventional cast turbulators, pressure 
drop of the coolant medium flow across the cooled surface is reduced and the 
fin cooling efficiency is improved. For example, in one embodiment the 
depth of the depressions is not greater than 600 microns, mom parttcularty/ 
less than about 375 microns to improve fin effidency. 
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Texturing can be applied to a wide variety of turbine engine 
components. For example, other superailoy components including combustor 
liners, combustor domes, buckets or blades, nozzles, vanes, airfoils, or 
shrouds. Non^uperalloy ccvnponents used In lower temperature applications 
may also be treated. For example, shroud clearance control areas, mcluding 
flanges, casings, and rings may be advantageously treated In these 
embodiments, use of texturing permits more accurate control of the (fiameter 
of the flowpath shroud, thereby decreastt>g the clearance between the blade 
tip and shroud surface and increasing efficiency, in view of the loww 
temperature requirements for the materials of such components, in the case 
of an overtay coating, the braze alloy may be replaced with another bonding 
agent such as a high temperature epoxy or solder, for example. 

As descra)ed above, cooling is generalty canied out l)y irr^mgeinent 
coolbig, that Is, with a coolant medium that is directed perpendiculariy against 
a component used in a high temperature environment It should be 
mderstood that while impingement cooling represente a preferable form of 
cooling, the coolant medium can be directed at varying angles with respect to 
the tortured surface. In addition, while the coolant medium is usually air, it 
could also lie composed of other fluids such as wato^ 



As described above, a textursd surface is cast-in or provided in the 
fonn of an overiay coating to improve heat transfer. The increase in heat 
transfer is believed to be largely due to the increased surface area of the 
treated component. The textured surface may also increase heat transfer by 
modifying the coolant medium ftow characteristics, such as from laminar flow 
to tuributated flow along the surface. 
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Aocording to embodiments of the present invention, methods are 
provided that pemnit texturing of surfaces that am not easily aocessible, to 
provide improved heat transfer. Further, embodiments off the present 
invention enable fonnation of a depresoon/ridge system of varying sizes and 
geometries, and in patterns. If desired. Because the textured surface on the 
turbine engine component has increased surface area and minimal material 
mass, heat transfer Is further improved by reducing phonon path length 
through the component 

Having described prefened embodimente of the present invention, 
altematlve embodimente may become apparent to those sMHed in the art 
without departmg from the spirft of this invention. Acconfingiy, it is 
mderstood that the sc6pe of this invention is to be limited only by the 
claims. 

4« Brief Description of Drawings 

RG. 1 is an SEM micrograph of a surface of a turbine engine 
component befoTB an etch treatment; 

RG« 2 iHustrates a cros&-section of a surface of a turbine engine 
component prior to etching; 

FIG. 3 is an SEM micrograph of the surface shown in RG. 1 followbg 
an etch treatment; 

RG. 4 illustrates a cross-section of the surface of RG. 2 follovmg 
etchirig; 

RG. 5 illustrates an enlarged cross-sectional view of RG. 4; and 
RG. 6 illustrates another enlarged cross-sectional view of RG. 4. 
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FIG.l 




FIG. 2 




FIG. 3 
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FIG. 4 
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1. Abstract 

A turbine engine component is provided that has a surface thtt 
corAains a phiraiity of depressions that are effective to increase the surface 
area of the component The depressions am generally concave in contour 
and fmprove the heat transfer characteristics of the component IMethodsfor 
forming the turbine engine components are also disdosad. 

2. Representative Drawing: Rgure 5 
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